Abstract. A number of studies have dealt with the link between distant powerful radio sources and the most massive galaxies in the early Universe. Despite major advances in our understanding of high redshift radio galaxies (HzRGs), we still only have a rudimentary picture of the physical conditions (i.e. gas density, temperature, ambient UV-field) prevailing in the interstellar medium (ISM) of these objects. Here we report on ongoing CI, [CII] and CO observations of TNJ 1338−1942 at z = 4.11 with the IRAM 30m telescope, the JCMT and ATCA. With these observations we will make a first attempt at constraining the average ISM conditions in TNJ 1338−1942..
Introduction
Deep near-IR and mid-IR observations have shown that high-z radio galaxies (z > 1) are associated with large stellar populations (M * > 10 11 M ⊙ , e.g. [1] ). This is consistent with the existence of extremely active supermassive black holes (SMBHs) at the centers of HzRGs ( [2] ). Observations of HI absorption ( [3] ), CO (e.g. [4] ) and dust emission (e.g. [5] ) established the presence of vast reservoirs of atomic and molecular hydrogen in some HzRGs. TNJ 1338−1942 -the first z > 4 radio galaxy to be discovered in the southern sky and one of the most luminous Lyα objects in its class is most likely an extreme starburst. Both its Lyα profile and radio structure are very asymmetric ( [6] ), which indicates strong interaction with dense gas. [7] showed that the high Lyα emission rate in TNJ 1338−1942 cannot be explained by AGN photo-ionization or shocks alone, but requires substantial star formation. Not only does TNJ 1338−1942 reside at the center of an overdense distribution of both Lyα emitters ( [8] ) and LBGs ( [9] ), but it is also one of the most striking examples of an overdensity of (sub)mm selected galaxies ( [10] ). The latter study revealed 10 such sources in the field, corresponding to a 7σ overdensity compared to blank field surveys. Thus, TNJ 1338−1942 is unambiguously a massive galaxy at the center of a proto-cluster ( [11] ). Up to now, we only have a very basic understanding of the physical conditions of the ISM in HzRGs. In an attempt to rectify this situation we have initiated a search for the most prominent ISM line tracers towards HzRGs, namely the rotational lines of carbon monoxide (CO), the FIR fine-structure lines of atomic carbon (CI( 3 P 1 → 3 P 0 ) and CI( 3 P 2 → 3 P 1 ) at 370 and 609 µm, respectively) and single ionized carbon (CII at 158 µm). The modest excitation requirement of the two lowest rotational transitions of CO make them ideal tracers of the total molecular gas mass, and the encompassed dynamical mass in galaxies. However, these low-J CO lines have been observed in only two HzRGs to date ( [12] , [13] ). Typically, only J=3-2 CO lines or higher are detected in such systems, tracing only the dense and warm star forming gas. Compared to CO, which is routinely used to determine gas masses in galaxies, the prospect of utilizing the finestructure lines of CI to trace molecular gas and dynamical masses at high-z was only recognized much more recently (e.g. [14] , [15] , [16] ). The latter exploits the concomitance of CI and CO observed in molecular clouds in our Galaxy ( [17] ), the simple, three-level partition function, and the low optical depth and modest excitation requirements of the CI lines. Moreover, The CI(1-0) line can remain luminous even for UV-shielded, cold molecular gas (e.g. [18] ) where the [CII] line luminosity is negligible. The [CII] line is the major coolant for much of the ISM and is a sensitive extinction-free probe of the gas physical conditions and ambient radiation fields. Both, CI and [CII], have been detected in high-z submillimeter galaxies and QSOs (e.g. [16] , [28] ).
2. Observations 2.1. ATCA TNJ 1338−1942 was observed in the CO (2-1) emission line with the Australia Telescope Compact Array (ATCA) in the H214 hybrid array configuration in October 2010. The array included five antennas that were spread along an east-west and a north-south axis. At a redshift of 4.11 the CO (2-1) line (ν r = 230.538 GHz) is shifted to an observed frequency of 45.115 GHz, i.e. within the 7 mm CABB receiver band (30-50 GHz). Using the CFB 1M-0.5k CABB observing mode provided us with two 2 GHz bands (total velocity range of 13610 km s −1 each) with a resolution of 1 MHz corresponding to a channel size of 6.65 km s −1 . The two 2 GHz bands were centered at 45.3 and 45.4 GHz, respectively. Only the band centered at 45.3 GHz was used in the final data analysis, since during the observations a laser diode on antenna 3 failed, therefore disabling the data transmission for the second observing frequency band. During the observations several sources were used as calibrators: the nearby source 1334-127 was used as phase calibrator to TNJ 1338−1942. The planet Uranus and 1934-638 were used as flux calibrators, 1921-293 was used for the bandpass calibration. We reduced and analyzed the data using MIRIAD ( [19] ) following the standard CABB reduction procedures. The line free channels were combined to produce a continuum image that was used to subtract the continuum contribution from the spectral line data. The resulting synthesized beam was 3.99 ′′ × 3.16 ′′ (FWHM) with a primary beam diameter of 1.12 ′ . The final spectrum has been binned into 100 km s −1 channels with in a channel-to-channel rms noise σ ch of ∼1 mJy. The 3σ upper limits for the velocity-integrated line intensities were derived by S∆v < 3 × σ ch × (v FWHM × ∆v channel ) ( [20] ). Assuming a line width of 600 km s −1 , which is typical for CO line widths observed towards HzRGs (e.g. [20] , [12] ), results in a 3σ upper limit of 0.8 Jy km s −1 and an upper limit for the CO (2-1) luminosity L CO(2−1) of 5.0×10 7 L ⊙ . 
IRAM 30m
The observations of the CI (1-0) and (2-1) emission lines towards TNJ 1338−1942 were carried out with the IRAM 30m telescope 1 in early May, August and September 2011. Due to its proximity in frequency we were also able to look for the CO (7-6) emission line. The E0 and E1 EMIR (Eight Mixer Receiver) single pixel heterodyne receivers were used as frontends to observe the 3 and 2 mm bands simultaneously. E0 was centered on a frequency of 96.313 GHz and E1 on 158.384 GHz, which are the expected frequencies for CI (1-0) and CI (2-1) for our HzRG. Since VESPA provides only a small band width, the VESPA data (bandwidth of 480 MHz) will not be further taken into account. With bandwidths of 480 MHz 4 GHz (FFTS) and 16 GHz (WILMA), centered on the redshifted rest frame frequencies, we obtained data with velocity ranges of 12 450 km s −1 (FFTS) and 11 579 km s −1 (WILMA) for CI (1-0), and 7572 km s −1 (FFTS) and 7042 km s −1 (WILMA) for CI (2-1) and CO (7-6), and velocity resolutions of 0.6079 km s −1 (FFTS), and 6.225 km s −1 (WILMA) for CI (1-0) and 0.3697 km s −1 (FFTS) and 3.786 km s −1 (WILMA) for CI (2-1) and CO (7-6). The observations were done in wobbler switching mode with a symmetrical azimuthal throw of 120 ′′ and a frequency of 0.5 Hz. Pointing checks were performed every 90 min on the sources 1334-127 and 1253-055 from the IRAM Pointing Catalog, the focus was checked on Saturn.
We reduced and analyzed the data using the GILDAS 2 CLASS package. All spectra have been averaged, when applicable. To obtain a better signal-to-noise ratio, most of the spectra were Hanning smoothed. Baselines were fitted and subtracted from each subscan individually before averaging of the spectra. All polynomial fits to the baselines have been of the order of zero or one. The final spectra have been binned into channels with widths of 100 (CI (1-0)) and 121 km s −1 (CI (2-1) and CO (7-6)) with channel-to-channel rms noises of 1.8, 3.3 and 3.3 mJy, respectively. Assuming a CI line width of 600 km s −1 we obtain 3σ limits of 1.3 Jy km s −1 (CI (1-0)), 2.7 Jy km s −1 (CI (2-1)) and 2.7 Jy km s −1 (CO (7-6)) and upper limits for the luminosities of
JCMT
We observed TNJ 1338−1942 in the [CII] transition at λ = 158 µm with the James Clerk Maxwell Telescope (JCMT) on Mauna Kea, Hawai'i, in January 2011. We used the HARP 16 pixel singleside-band (SSB) SIS receiver as frontend and the ACSIS digital autocorrelation spectrometer as backend. With a bandwidth of 1800 MHz, centered on the redshifted rest frame frequency for TNJ 1338−1942 (372 GHz), and a channel spacing of 977 kHz we were able to obtain data with a velocity range ∆v of ∼ 1450 km s −1 and a velocity resolution of 0.788 km s −1 . The data were obtained in beam switching mode. The beam efficiency was ∼ 0.85 for a beam size of each receptor of 14 ′′ . The on-source integration time was 7.4 hours. Pointing checks were performed every 50 minutes using sources from the JCMT Pointing Catalog (based on [21] subtracted from each subscan individually before resampling and averaging of the spectra. Another baseline fit was performed after the final resampling and averaging of all available data. All polynomial fits to the baselines have been of the order of zero. The final spectrum (Fig. 3) has a spectral resolution of 40 km s −1 per channel with in a channel-to-channel rms noise of ∼49 mJy. Assuming a typical CII line width of 600 km s −1 we get 3σ upper limits for integrated intensity and [CII] luminosity of S∆v < 22.6 Jy km s −1 and
Inferred properties of TNJ 1338−1942
TNJ 1338−1942 has been detected in multiple (sub)mm bands (450, 850 and 1200 µm - [3] , [10] ), which, along with Spitzer IRAC detections ( [1] ), allows us to make a robust estimate of the IR luminosity. We fitted a power-law dust temperature distribution (α = 7.2, typical for starbursts, and emissivity index β = 1.5). The resulting fit yields an IR luminosity (integrated from 8-1000 µm) of 2.4 × 10 13 L ⊙ (Fig. 1 ), corresponding to a star formation rate (SFR) of > 3800 M ⊙ yr −1 and a dust mass of 1.8 × 10 8 M ⊙ . With its IR luminosity, TNJ 1338−1942 has similar L IR to other HzRGs observed at submillimeter wavelengths (e.g., L FIR (TNJ 0924−2201) = 3.4 × 10 12 L ⊙ , [3] ; L FIR (4C 41.17) = 2.0 × 10 12 L ⊙ , [24] ). TNJ 1338−1942 has a SFR that is higher than the typical SFRs of submillimeter selected galaxies (SMGs, SFR∼900 M ⊙ yr −1 [25] ). The lack of detection in the Spitzer 24 µm MIPS band suggests that an AGN is not dominating the IR energetics. In addition, a power-law extrapolation from the total 8.2 GHz flux density ( [26] ) predicts a negligible AGN synchrotron contribution. Therefore we assume that star formation is dominating the infrared luminosity. Our search for CI (1-0) and (2-1), CO (2-1), CO (7-6) and [CII] line emission towards TNJ 1338−1942 has up to now yielded no detections (Figs. 2 and 3) . We use the preliminary upper limit values to put more stringent constraints on the gas masses and the line transition luminosities (Table 1) . Using M H 2 = α × L ′ CO(2−1 , applying a conversion factor α of 0.8 M ⊙ (K km s −1 pc 2 ) −1 and assuming a CO(2-1)/CO(1-0) ratio of unity we obtain an upper limit on the molecular gas mass of 1.8×10 11 M ⊙ , which is consistent with gas masses observed for other HzRGs (e.g. [27] and [28] . ALMA will provide the capabilities for much deeper observations and will therefore enable us to do much more sensitive and detailed studies of the ISM in distant radio galaxies. 
